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ABSTRACT 


The  purpose  of  this  project  was  to  perform  measurements  of  the  thermal  energy 
received  by  aircraft  positioned  at  various  distances  from  nuclear  detonations.  Measure¬ 
ments  were  to  be  made  to  study  the  contribution  of  thermal  radiation  reflected  from  the 
earth '  s  surface  to  the  total  radiation  received  by  the  aircraft.  Ninety*degree’field*of- 
view  calorimeters  and  radiometers  were  used  to  record  the  thermal  radiation  under  two 
conditions:  (1)  calorimeters  and  radiometers  oriented  to  include  radiation  received  di¬ 
rectly  from  the  fireball  and  (2)  calorimeters  and  radiometers  oriented  to  receive  ground- 
reflected  radiation  from  the  earth's  surface  directly  below  the  test  aircraft.  Total  apeo- 
trum  and  broad-band  qpectral  measurements  were  made  in  each  ease.  An  ancillary  phase 
jat  this  project  was  to  obtain  the  temperature  rise  and  decay  from  thermal  radiation  in  air¬ 
craft  sldn  specimens  both  exposed  to  and  shielded  against  &e  effects  of  aero<lynamio  cool¬ 
ing. 

Recorded  total  thermal  energy  data  for  the  two  situations  above  based  on  12  aircraft 
test  positions  are  reported  herein,  together  with  an  ei^wrimental  check  on  existing  theo¬ 
retical  treatments.  Also  reported  are  thermal  energies  recorded  under  broad-band  filters 
and  related  temperamre  data  of  aircraft  skin  san[4>les  exposed  to  and  shielded  against  the 
free  airstream. 

It  is  concluded  that:  the  theoretical  values  for  the  refieoted  radiation  are  comiM- 

rable  within  10  percent  to  the^exper.'mental  values:  the  emtribution  of  atmoq>herio  scat¬ 
tered  radiation  cannot  be  neglected  and  in  the  case  where  fine  particles  of  matter  (like 
dust)  exist  in  the  vicinity  of  the  explosion,  the  oontributiem  of  tiie  scattered  radiation  in¬ 
creases;  H)  random  scatter  in  ground-reflected  energy  measurements  under  broad  band 
filters  prevent  the  establishment  of  a  ground-reflected  to  direct-energy  spectral  distri¬ 
bution  ratio:  and  f|)  aerodynamic  cooling  bad  no  appreciable  effect  on  the  temperature  in 
exposed  skin  specimens  at  Indicated  airspeeds  of  175  knots  insofar  as  reducing  the  maxi¬ 
mum  temperature  rise  of  175  degrees  Fahrenheit  attained  by  similar  speclnmns  shielded 
from  the  airstream. 

It  is  recommendS^  that:  (1)  analytical  data  for  predicting  the  ratio  of  ground-r^eoted 
to  direct  radiation  be  obnsidered  valid  provided  proper  allowance  is  made  for  atmoq;iheric 
attenuation  and  scattering;  (2)  an  e;qperimental  check  of  analytical  data  be  made  for  wemxms 
exceeding  43-kiloton  total  yield  to  further  evaluate  ground  and  atmospheric  refiectiem,  at¬ 
tenuation,  and  scattering  efiects;  (3)  a  further  evaluation  be  made  of  the  effects  of  surfsoe 
coating  damage  to  aircraft  skin  temperatures  when  thermal  field  pulse  Inputs  reported 
herein  are  utilised  in  lieu  of  rectangular  pulses. 
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FOREWORD 


Thlf  is  one  of  the  reports  presenting  the  results  of  the  56  projects  psrtio4>sting  in 
the  Military  Effects  Tests  Program  of  Operation  TEAPOT,  which  included  14  test  detona¬ 
tions.  For  readers  interested  in  other  pertinent  test  Information,  reference  Is  made  to 
WT-llSS,  "Summary  Report  of  the  Technical  Director, "  Military  Effects  Program. 

This  summary  report  inoludes  the  following  informatimt  of  possible  general  interest: 

(1)  an  overall  desorption  of  eadi  detonaticm,  including  yield,  height  of  burst,  ground 
zero  location,  time  of  detonation,  ambient  atmoq>herio  oondltimts  at  defamation,  etc., 
for  the  14  shots:  (2)  discussion  of  all  project  results:  (S)  a  summary  of  each  project,  in¬ 
cluding  objectives  and  results:  and  (4)  a  complete  listlag  of  all  reports  covering  the 
Military  Effects  Tests  Program. 


PREFACE 


The  test  program  reported  herein  was  successfully  accomplished  through  the  com¬ 
bined  efforts  of  many  individuals,  both  military  and  civilian,  representing  many  differ¬ 
ent  agencies.  Althou^  individual  admowledgments  cannot  be  made  bore,  the  following 
is  a  list  of  the  organizations  who  oontrlbuted  to  the  suooess  (rf  ttils  program:  Bureau  of 
Aeronautics  of  die  Navy:  Directorate  of  Wepons  Effects  Tests,  Armed  Forces  Special 
Weapons  Project:  Naval  Air  Sjpecial  Wepons  Facility:  Naval  Air  Missile  Test  Center, 
Naval  Radiologloal  Defense  Laboratory:  Douglas  Aircraft  Company,  foe.,  El  Segundo 
Division:  Naval  Ordnance  Test  Station:  Air  Force  Cambridge  Research  Center:  Wright 
Air  Developmoit  Center:  and  Air  Force  Stmeial  Weapons  Center. 
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Chapter  I 

INTRODUCTION 


1.1  GENERAL 

Thermal  radiation  is  one  of  the  primary  effects  produced  by  a  nuclear  detonation. 
Thermal  radiation  becomes  the  prime  consideration  for  some  aircraft  weapon  ^sterns 
in  the  determination  of  criteria  for  safe  delivery  of  nuclear  weapons  when  the  yield  ex¬ 
ceeds  about  30  kilotons,  and  definitely  becomes  a  more  important  fhctor  for  high  yield 
weapons.  Therefore,  it  is  necessary  to  determine  the  various  factors  which  cmstltute 
the  qpatial  and  temporal  variation  of  thermal  radiation  and  the  mechanism  by  which  the 
thermal  radiation  produces  a  resultant  temperature  increase  in  aircraft  components. 

The  basic  factors  are:  (1)  the  quantity  of  thermal  radiation  produced  as  a  function 
of  yield,  (2)  the  time  dependence  of  thermal  emission,  (3)  ^peetr^  distribution,  (4)  the 
scattered  and  reflected  radiation  which  augments  the  direct  radiation,  and  (5)  the  atmos¬ 
pheric  attenuation  of  the  radiation.  To  date  much  data  has  been  accumulated  in  References 
1  and  2  The  total  thermal  energy  produced  for  an  air  burst  is  given  Y  (cal)  ^ 

0.44  lo‘*W*-**  where  W  is  the  total  yield  in  kilotons.  The  radiant  power  consists  of  two 
maxima  where  the  time  to  the  second  t^jy  =  0.032  where  t^av  !■  in  seconds  v4ien  W 
is  expressed  in  kilotons.  For  surfhce  bursts  and  near  surface  bursts  the  quantity  nnd 
time-picture  is  incomplete  until  an  air  burst  in  the  megaton  range  is  performed  for  com¬ 
parative  purposes,  fo  Reference  3,  the  effect  of  the  distorted  fireball  on  thermal  yield 
is  discussed.  However,  more  knowledge  of  the  spectral  and  spatial  distribuUons,  particu- 
larly  in  the  Infrared  region  during  the  second  pulse  for  all  conditions  of  burst,  wnas  ne¬ 
cessary.  This  Information  was  required  to  determine  (1)  the  reflectlm  coefficient  of  the 
ground  surface,  since  this  coefficient  has  a  qpectral  dependence,  and  (2)  the  absorption 
ooeffioient  of  the  aircraft  skin  sur&ce.  Much  data  has  been  available  (m  the  apeotnl  dis¬ 
tribution  of  direct  radiation;  however,  no  data  was  available  on  the  reflected  radiation. 
Some  data  had  been  accumulated  on  the  scattered  radiatico  and  attenuation  (see  Reference 
4  and  its  bibliogr^)hy),  but  considerable  work  still  remained.  No  complete  e;q;ierimental 
program  had  been  executed  on  reflected  radiation  from  a  nuclear  detonati<m.  To  Hmtt 
the  effort  and  fill  the  lari^st  gap,  this  program  was  undertaken. 

The  only  extensive  theoretical  predictions  for  reflected  radiation  for  a  homogeneous 
absorbing  but  nonscattering  atmoqi^re  were  available  in  Reference  5;  however,  recent 
calculations  with  greater  numerical  accuracy  have  been  performed  at  the  National  Bureau 
of  Standards,  using  the  S.  E.  A.  C.  computer  under  Armed  Forces  Sjpecial  We^xma  Project 
sponsorship,  and  at  the  Douglas  Aircraft  Corporation  on  the  IBM  MK-701  oonqrater.  Ibe 
latter  two  are  self-omislstent.  hi  all  instances  a  point  source  was  assumed  almig  with  an 
infinite  reflecting  plane  obeying  Lambert' s  law.  Iheae  particular  caloulatl<ms  ware  for 
the  case  <tf  a  2ir  steradlan  receiver  oriented  parallel  to  reflecting  plane.  Additioaal 
oaloulatiaas  were  also  performed  by  the  Ooui^s  Aircraft  Corporatlmi  for  ttie  qieoiflo 
cases  of  interest  here.  These  were:  (1)  90-degree-field-of-view  receiver  orimted  to¬ 
ward  the  fireball  and  (2)  90-degree-fleld-of-view  receiver  with  surfkoe  ot  the  Mnsii^  ele¬ 
ment  parallel  to  the  earth's  surfkce.  These  calculatims  were  required  to  determine  the 
degree  of  validity  of  the  theoretical  predictions. 
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RESTRICTED  DATA 


1.2  PROJECT  OBJECTIVES 


The  speoifio  objectives  of  this  project  were: 

1.  To  study  the  direct  and  grmind-reflected  components  of  thermal  radiation  by 
measuring  that  radiation  received  at  different  points  in  space  relative  to  the  burst  by  means 
of  90-degree-field-of-view  calorimeters  aimed  directly  at  the  fireball  and  ground  directly 
below  the  test  aircraft.  These  measurements  were  required  as  an  experimental  check  on 
the  analytical  data  contained  in  Reference  5.  These  analytical  data  have  been  used  as  one 
of  the  bases  for  establishing  efiects  envelopes  for  the  safety  of  atomic  weiqpon  delivery  tac¬ 
tics  eitq>l(qred  by  the  Fleet.  These  criteria  are  contained  in  Reference  6. 

2.  Since  the  reflected  radiation  nuy  have  a  spectral  dependence  different  from  the 
direct  radiation  as  a  conseqiwnce  of  selective  absorption  the  refiectlon  plane,  measure¬ 
ments  on  the  spectral  composition  of  both  the  direct  and  reflected  conq)onents  as  re¬ 
corded  by  90-degree-field-of-view  calorimeters  aimed  directly  at  the  fireball  and  the 
ground  below  the  test  aircraft  were  performed. 

3.  To  obtain  time-histories  of  the  temperature  rise  and  decay  in  aircraft  skin  qMCi- 
mens,  exposed  to  and  shielded  against  the  effects  of  aerocfynamic  cooling.  These  data 
are  required  to  sufqplement  similar  data  obtained  by  Project  S.l  during  Operation 
UPSHOT-KNOTHOLE. 
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Chapter  2 

EXPERIMENT  DESIGN 


2.1  BACKGROUND  AND  THEORY 

2.1.1  Thermal  Radiation.  Aircraft  flying  in  the  vicinity  of  an  atomic  explosion  are 
subjected  to  the  following  major  weapon  effects:  gamma  radiation,  thermal  radiation, 
gust  loading,  and  shock  overpressure-  These  effects  are  of  primary  significance  in  the 
establishment  of  techniques  and  procedures  to  be  utilized  in  the  delivery  of  atomic 
weapons. 

The  test  result  obtained  by  Project  5.1  during  UPSHOT-KNOTHOLE  (Reference  7) 
clearly  demonstrated  that  as  much  as  40  percent  of  the  total  thermal  radiation  received 
by  aircraft  in  flight  was  due  to  ground  reflection  of  the  incident  radiation.  Similar  daia 
have  also  been  obtained  during  other  e:q>erimental  tests  (Reference  2).  In  order  to  es¬ 
tablish  i-eliable  thermal  effects  criteria,  the  amount  of  reflected  thermal  radiation  to  be 
received  at  various  points  in  q>ace  about  the  burst  center  under  different  conditions  must 
be  predictable  within  reasonable  limits.  Analytical  procedures  and  methods  for  accom¬ 
plishing  this  have  alreacfy  been  develq[>ed  (Reference  5).  The  data  have  been  utilized  as 
one  of  the  bases  for  establishing  the  thermal  radiation  effects  criteria  as  included  in  the 
present  U.  S.  Navy  Effects  Handbook  (Reference  6).  All  the  effects  criteria  and  guides 
governing  the  safety  of  atomic  weiq>on  deliveiy  tactics  employed  Iqr  the  fleet  are  con¬ 
tained  in  this  handbook. 

As  presented  in  Reference  6,  the  radiant  energy  (direct  and  reflected)  received  in 
space,  assuming  a  nonscattering  homogeneous  atmosphere,  is  given  by  the  expression: 

Wth  1  cost  (e-“*^) 

E  - - k - 1 - id -  (2.1) 

4jrR* 

Where:  E  =  total  energy  in  cal/cm* 

Wti,  =  thermal  source  in  calories 

cos  t  =  cosine  of  angle  between  radius  vector  for  source  to 
receiver  and  the  normal  to  the  receiver 
a  =  atmospheric  attenuation  coefficient 
R  =  slant  range  distance  in  centimeters 
Ez  =  ground  reflected  energy  from  an  infinite  plane 
R^  =  direct  energy  normal  to  receiving  surface 

The  bracketed  expression  represents  the  increase  to  the  direct  radiatim  due  to  re¬ 
flection,  provided  the  appropriate  value  for  Ez^/Ez,},  which  is  a  function  of  the  orienta¬ 
tion  of  the  receiver,  is  available.  In  the  event  that  the  receiver  is  parallel  to  the  grouml 
and  has  a  2-steradian  field  of  view,  generalized  curves  are  available  in  Reference  5 
which  permit  the  determination  of  the  theoretical  values  of  /3~‘(Ezf/E(i),  where  is  the 
surface  reflection  coefficient  for  all  qMitial  locations  of  interest.  For  the  particular 
burst  heists  employed  here,  namely  300  and  500  feet,  the  individual  curves  are  shown 
in  Figures  2.1  and  2.2.  The  ratio  Ez^/Ed  is  then  obtained  directly  by  multiplying  hF  the 
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Horizontal  Distance  ,  10*  ft 

Flgara  2.2  Ratio  of  BaSeoted  to  Dlreet  Badtattoo.  Eaidosioa  at  500  feet  above  Di^se  bifinite  Plane.  Reflectivity  of  Surface  ==100  per- 
oent  Note:  Values  ahown  are  die  ratio  of  vertloal  cooqioiients  of  die  reflected  to  the  vertical  component  of  direct  radiation  (Ezi./^zh)' 


ai9r(9riate  value  of  for  the  particular  reflecting  surface  under  consideration.  Some 
tSrplcal  values  of  0  are  given  In  Reference  6,  pages  3-16  and  3-17.  The  reader  Is  re¬ 
ferred  to  Reference  5  for  the  theoretical  development  of  reflected  radiation  received  by 
a  receiver  parallel  to  an  infinite  reflecting  plane  and  also  when  normal  to  the  radius  vec¬ 
tor  through  the  source. 


2.1.2  Temperature  Rise  In  Aircraft  Skin  Panels.  Measurements  of  the  maximum 
temperature  rise  attained  to  date  in  the  metal  skin  of  the  test  aircraft  were  made  by  Pro¬ 
ject  5.1  during  UPSHOT-KNOTHOLE.  The  majority  of  such  measurements  were  made 
using  passive  type  thermal  indicators  (temperature  tapes).  A  limited  number  of  time- 
histories  of  the  temperature  rise  in  skin  specimens  were  obtained  using  temperature 
gages.  The  data  obtained  from  these  measurements  are  contained  in  Reference  7.  In 
general,  the  application  of  temperature  tapes  exhibited  definite  limitations,  and  the  data 
obtained  could  not  be  consistently  correlated  with  measured  thermal  inputs  and  visible 
thermal  damage.  Additional  skin  panel  temperature-time  data  are  required  to  siq>ple- 
ment  the  data  previously  obtained  before  a  complete  evaluation  and  correlation  of  all  data 
can  be  made. 

As  presented  in  Reference  6,  the  maximum  tenq>erature  rise  in  aircraft  metal  skin 
ejqiosed  to  thermal  radiation,  without  cooling,  is  given  by: 


(Tm-Ta) 


yE 

PCpt 


(2.2) 


Where:  Tj^  =  maximum  allowable  skin  temperature  (*F) 

Ta  =  ambient  air  temperature  (‘F) 

E  =  thermal  iiq>ut  as  defined  by  Equation  2.1 
p  »  specific  densi^  of  material 
Cp  =  qpecific  heat  of  material 
t  ==  thickness  of  material  (ft. ) 
y  =  thermal  absorption  coefficient  (non- 
dimensional) 

Considering  the  effects  of  aerodynamic  cooling  the  maximum  temperature  rise  is 
given  by: 

where  F  is  the  convective  coolii^  factor  dependent  upon  air  speed,  altitude  and  time  of 
irradiance  of  the  receiver.  (See  Reference  6  for  a  complete  discussion). 


2.1.3  8|>ectral  Composition  of  Direct  and  Reflected  Radiation.  Information  is  re- 
quired  concerning  the  apMtral  composition  of  the  reflected  congionent  of  thermal  radia¬ 
tion  to  ascertain  adiich  (if  any)  wave  lengths  of  bands  of  the  spectrum  are  absorbed  by  the 
reflecting  surface,  fly  comparison  with  the  spectral  conqwsitlon  of  the  direct  radiation, 
certain  portions  of  the  spectrum  may  be  shown  to  have  a  direct  relationsh4>  to  the  thermal 
damage  experienced  by  different  type  surface  finishes. 


2.2  TEST  PROCEDURES  AND  CONDITIONS 

Three  instrumented  model  AD  type  aircraft.  Figure  2.3,  partictyated  in  EBiots  4,  6, 
8, 12,  and  13  of  Operation  TEAPOT.  One  of  the  three  AD  aircraft  served  primarily  as  a 
standby  aircraft,  except  during  Stots  8  and  12  when  records  were  obtained  with  all  three 
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Figure  2.4  Pilot's  Protective  Thermal  Hood. 
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Figure  2.5  Modified  AP8-19  Rader  Nacelle  with  laatruiBeatatloB  hiatalled. 


aircraft.  During  each  ahot,  teat  aircraft  were  flown  at  approximately  175  knota  indicated 
air  m>eed  (IAS)  in  counter-olockwiae  orbits  about  ground  aero,  initiating  atandard-rate 
break<-away  tuma  after  detonationa.  Vtillaing  a  thermal  hood  over  the  cockpit,  Figure 
2.4,  and  apecial  gogglea  for  pilot's  protection  against  thermal  radiation,  one  or  two  test 
aircraft  were  monitored  by  MSQ-1  ground  radar  control  and  Instrument  flight  rules. 

Since  M8Q-1  control  was  only  available  for  one  or  two  aircraft,  when  two  or  three  teat 
aircraft  participated,  the  third  and  at  times  foe  second  aircraft  flew  formation  on  the 
monitored  aircraft  with  visual  flight  rules  except  for  the  period  of  foe  initial  flash  during 
which  time  the  thermal  hood  was  in  place  and  Instrumant  fli^t  rules  prevailed.  Each 
aircraft  was  assigned  to  fly  at  a  different  altitude  and  horUcntal  range  (radius  of  orbit) 
from  ground  aero.  At  T-20  seconds  the  instrumentation  recording  equipment  in  eadi 
aircraft  was  turned  cm  by  the  pilot.  At  I* '*’2  seconds  the  pilot  executed  a 

standard  rate  tuni  to  the  outside  of  the  oridt  in  order  to  receive  foe  subsequent  shook 
wave  in  a  near  "tail-on"  position.  Eadi  aircraft  was  instrumented  to  measure  and  re¬ 
cord  the  following  data  at  time  eerot  (1)  foe  direct  and  reflected  oonqtoients  of  flMrmal 
radiation  received  at  the  aircraft  positi<m  in  qpaoe,  (2)  the  tiaM-histoiy  of  the  ten^era- 
ture  rise  in  eiqposed  aircraft  sUn  ^woimans,  and  (8)  foe  qteotral  composition  of  the 
direct  and  reflected  components  of  thermal  nuUatlon. 
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The  aircraft  test  posttlons  for  each  of  the  shots  are  shown  In  Figure  2.2.  Test  po¬ 
sitions  were  selected  which  would  give  the  maximum  possible  distribution  of  data  points 
with  respect  to  the  burst  center.  From  such  data  e;q>erimental  check  Ez^/Ezd 
similar  to  those  shown  on  Figures  2-1  and  2.2  could  be  nuide. 


2.3  INSTRUMENTATION 

2.3.1  General  Arrangement.  Each  test  aircraft  was  equipped  to  carry  a  modified 
APS-19  radar  nacelle  which  was  mounted  on  the  underside  of  the  port  wing  on  the  wing 
bomb  rack,  as  shown  in  Figure  2.5.  All  radar  gear  was  removed  from  the  nacelle.  The 
nacelle,  or  tank,  was  modified  to  carry  all  the  instrumentation  measuring  and  recording 
equipment.  During  tests,  all  equ4>ment  was  turned  on  by  means  of  a  switch  in  the  cock¬ 
pit  of  the  aircraft.  The  Instrumented  nacelles  could  be  readily  Installed  or  removed  from 
the  test  aircraft  for  maintenance,  servicing,  or  repair  of  test  equipment. 

Essentially,  two  similar  sets  or  banks  of  measuring  instruments  were  carried  in 
each  tank.  Each  set  or  bank  of  instruments  consisted  of  four  Naval  Radiological  Defense 
Laboratory  (NRDL)  disc-type  calorimeters  and  one  NRDL  foil-type  radiometer,  six  air¬ 
craft  skin-panel  temperature  qMClmens,  and  two  16-mm  gun-slid»^<dQ>ing-point  (G8AP) 
gun  cameras.  Each  bank  of  Instruments  was  mounted  in  the  tank  in  such  a  manner  that, 
as  the  test  aircraft  flew  in  a  circular  orbit  (counterclockwise)  about  ground  xero,  one 
bank  looked  at  the  burst  point  and  the  other  bank  looked  at  the  ground  immediately  below 
the  test  aircraft.  Ibe  position  of  each  bank  of  instruments  in  the  tank  could  be  adjusted 
on  the  ground  to  maintain  the  above  reference,  depending  upon  the  planned  position  of  the 
aircraft  for  the  particular  test. 

2.3.2  Instrumentation  Equipment.  NRDL  disk-type  calorimeters  and  foil-type 
radiometers  having  a  90-degree  field  of  view  were  used  for  measuring  thermal  radiation. 
Quartz  filters,  having  a  transmissivity  of  92  percent,  were  used  on  two  calorimeters  and 
<me  radiometer  of  each  bank  of  instruments  for  measurements  of  total  radiaticm.  Yellow, 
and  red  filters  having  a  transmissivity  of  90  and  88  percent,  respectively,  were  used  on 
the  other  two  calorimeters  for  spectral  measurements.  Sixteen-mUlimeter  08AP  gun 
cameras  were  also  used  to  photograidi  and  check  the  alignment  and  field  of  view  of  the 
calorimeters  during  the  test  and  to  provide  a  basis  for  correcting  calorimeter  data 
readings  which  were  "off  target. " 

Tlwrmoooiqdes  attached  to  the  aft  side  of  aluminum  skin  qwolmens  (1*4 -inch 
diameter  specimens,  0.016  inch  thick,  having  various  surface  finishes)  were  used  for 
obtaining  temperature-time  histories.  On  some  tests  the  surfaces  of  these  specimens 
were  exposed  to  the  airstream;  on  some  other  tests,  quartz  filters  were  used  to  shield 
the  qiecimens  against  airstream  cooling  effects. 

A  further  descrtytion  of  the  Instrumentation  is  preseided  in  Reference  8. 


17 

SECRET 


Chapter  3 

RESULTS 


Direct  and  ground- reflected  calorimeter,  radiometer,  and  skin  sample  temperature 
time-history  recordings  were  obtained  for  12  different  test  positions  during  Operation 
TEAPOT.  A  summary  of  peak  recordings  with  aircraft  test  positions  during  GSiots  4.  6, 
8,  12,  and  13  is  presented  in  Table  31.  Typical  time-history  plots  for  each  of  the  above 
parameters  are  presented  in  Figures  3.1  to  3.4.  All  direct  and  ground- reflected  record¬ 
ings  were  incident  on  sensing  elements  of  90-degree-field-of-view  calorimeters  and  ra¬ 
diometers.  Aircraft  positioning  data  shown  in  Table  3.1  were  determined  from  MSQ-1 
radar  plot  board  data. 


3.1  CALORIMETER  DATA 

Calorimeter  data  v^ere  read  directly  from  oscillograph  records  by  means  of  a  tele¬ 
reader.  Proper  thermal  and  electric  calibration  constants,  calorimeter  disk  heat  loss 
and  filter  transmissivity  corrections  were  applied.  Gun  camera  records  of  fireball  and 
ground  directly  below  test  aircraft  showed  that  aiming  corrections  to  recorded  values 
was  unnecessary.  Calorimeter  data  recorded  by  oscillogx^h  Channels  4  and  7  repre¬ 
sent  total  direct  and  ground-reflected  energies  under  clear  quartz  filter,  while  data  re¬ 
corded  by  Channels  5  and  8  represent  energies  under  yellow  (3-69)  and  rod  (2-58) 
Corning  filters.  Respective  spectral  ranges  for  these  filters  were  2,200—45,000; 
5,300-25,000;  and  6,400-25,000  A  as  shown  in  Reference  2. 

3.2  RADIOMETER  DATA 

Radiometer  data  were  reduced  by  the  same  method  applied  to  calorimeter  data, 
except  no  heat  loss  correction  was  applied.  Oscillognq>h  Channel  6  recorded  irradianoe 
under  clear  quartz  filter.  Peak  values  and  time  to  second  maximum  are  presented  in 
Table  3.1. 


3.3  SKIN  SAMPLE  TEMPERATURE  DATA 

Skin  sample  temperature  data  were  reduced  by  the  same  method  tqiplied  to  radiom¬ 
eter  data.  Oscillograph  Channels  1,  2,  and  3  recorded  temperatures  of  bare,  udiite, 
and  blue  painted  lV4~inch-diameter,  0.016-inch-thick  aluminum  skin  sanqdes  exposed 
to  the  airstream.  Channels  10,  11,  and  12  recorded  tengteratures  of  the  same  aUn 
samples,  respectively,  but  shielded  against  the  airstream  by  clear  quartz  filters.  Maxi¬ 
mum  recorded  temperatures  in  all  skin  samples  (both  exposed  to  and  diieldsd  against  the 
free  airstream)  are  shown  in  Table  3.1  for  all  test  conditions,  laical  time-hiMories  of 
temperature  rise  and  decay  in  exposed  and  shielded  skin  sangdes  are  shown  in  Figures 

3.3  and  3.4. 
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TABLI  t.1  •UMMAXY  OF  DOItCT  ANP  OPOUNO  RirLBCTID  DATA 


19 

SECRiT 


Figure  3.1  Energjr^vereue-Time  Curve,  Shot  12,  AD-S. 


Timi  ,  ttcondi 

Figure  8.2  Imdianoe-vereue-Time  Curvee,  Oiot  12,  AO-5. 
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Flgim  3.4  sun  T«inp«r«ture  Ttme  Hlatorias,  Sbot  12,  AIM,  OroiiiKt>Itofleotod. 
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Chapter  4 

DISCUSSION 


4.1  EXPERIMENTAL  CHECK  ON  ANALYTICAL  DATA 

4.1.1  General.  The  analytical  approach  to  the  problem  of  the  quantity  of  reflected 
radiation  received  by  a  detector  considered  a  nonscattering,  nonabsorbing  atmosphere 
where  the  reflecting  plane  was  infinite  in  extent.  The  experiment  conducted  here  ob¬ 
viously  did  not  satisty  this  ideal  model  and  therefore  the  reduction  of  the  data  entailed 
considerable  analysis,  ^cifically,  the  reflected  radiation  received  by  the  instrumen¬ 
tation  installed  to  observe  direct  radiation  had  to  be  subtracted,  and  conversely,  the  so- 
called  indirect  instrumentation  at  times  received  direct  radiation.  In  either  case,  only 
finite  areas  of  the  reflecting  plane  were  observed.  Also,  the  observations  were  made  in 
a  real  atmosphere  where  attenuation  and  scattering  existed,  thus  requiring  suitable  cor¬ 
rections  for  these  fhctors.  The  method  of  data  reduction  and  results  are  presented  below. 

4.1.2  Data  Reduction  Procedure.  The  total  energy  received  by  an  airborne  receiv¬ 
er  with  a  solid  ai^e  larffor  foan  the  solid  an|^e  subtend  by  the  fireball  will  consist  of 
direct,  reflected,  and  scattered  radiation,  where  the  contribution  of  each  to  the  total 
will  difler  with  q>atlal  location  and  aiming  direction.  Here  the  aiming  directions  were 
either  (l)through  air  zero  (direct)  or  (2)  normal  to  ground  (indiiect).  Each  case  will  now 
be  considered. 

1.  Direct  Radiation.  The  radiation  measured  on  the  direct  calorimeter,  Erim.  can 
be  defined  by  the  expression: 


Where:  E^*  =  contribution  of  the  radiation  emitted  by  the 
fireball  pnq;>er 
Ej.  =  total  reflected  radiation 
Eg  =  scattered  radiation 

E^  =  direct  radiation  in  vacuo  defined  by  Wt],/4xR* 

R  =  slant  range 

K  =  attenuation  correction  to  the  reflected  radiation 

The  value  of  for  the  Nevada  Proving  Grounds  has  been  determined  to  be  0.40.  The 
value  for  x  has  been  approximated  in  the  follov,.ng  fashion.  The  atmo^dierie  transmis¬ 
sivity  for  the  participating  shots  were  given  as  95  percent  per  nautioal  mile,  and  flie  av¬ 
erage  ratio  of  length  of  the  path  transveraed  by  the  ritys  of  the  reflected  to  flie  direct 
radiation  is  approximately  1.6,  hence: 


Ey  (0.96)‘  *“ 
Ed  (0:96)“ 


"r 

- - (0.96)**“  = 

Ed 
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where  n  is  the  slant  range  in  miles.  Replacing  k  by  its  value  in  Equation  (4.2),  we  can 
write  (4.1)  as 


■‘rim  ' 


Er  E. 

Ed*  l+0.40^(0.96)»*“+^* 


(4.8) 


To  determine  Ed*,  the  computed  values  of  E^yEd  were  enqployed  where 


Er  Ejj.  Epy 

•=-  =  -Jr-  cos  i  +  ^  sin  i 
Ed  “d  Ed 


(4.4) 


The  numerical  values  of  Ej^/Ed  and  E^f/Ed  for  each  shot  are  given  in  Figures  4.1  to  4.12. 
Ezr  and  Err  *re  the  vertical  and  horizontal  reflected  energy  components,  respectively, 
and  "t"  the  angle  of  incidence  of  the  direct  radiation  to  indirect  calorimeter.  (See  dia¬ 
grams). 


Direct  Colorimeter 


Indirect  Colorimeter 


I  Eld*  Ed  coet 


The  values  for  Eg/Ed*  are  confuted  in  Reference  9  for  a  4e  z«oelver  and  slnifle  scatter¬ 
ing.  However,  fleld-of-vlew  measurements  d  :ring  the  past  several  operations  indicate 
that  all  but  10  percent  of  the  total  energy  Is  received  Iqr  a  90-degrea»fleld-of-vlew  de¬ 
tector.  With  this  correctiwi,  the  values  of  Eg/Ed*  for  slant  ranges  consideiwd  are  O.OB 
to  0.07.  To  singdiiy  the  data  reduction,  a  fixed  value  of  0.05  was  taken.  On  substitution 
of  the  appropriate  i^ues  into  the  bracketed  ezpresslcHi,  flie  value  of  Ed*  was  obtained, 
and  on  dividing  Ed*  by  the  direct  transmissivity  (0.95)°  the  in  vacuo  value  of  the  direct 
radiation  Ed  was  obtiUned. 

2.  Indirect  Radiatimi.  In  a  similar  manner  tbe  radiatitm  illuminating  the  indirect 
calorimeter  can  be  expressed  as; 


®ind“Ed* 


[ 


cos 


“sr 


Ed 


(0.95)* 


(4.5) 


The  above  qrmbols  have  been  defined  previously.  To  determine  Ejndi  the  values  of  Ed* 
found  above  were  employed  and  the  analytioal  values  of  Bg,/Ed  la  Figures  4.1  to  4.12. 

For  close-in  statimis  udiere  the  Indireot  calorimeter  included  the  flrdball,  a  fixed  value 
of  Eg/Bd*  *  0.05  was  taken.  For  fim  fiirtiier-out  station  idwre  Ed*  decreased,  the  value 
of  Eg/Ed*  became  larger,  since  Eg  was  unaffected.  Finally,  when  Um  indimot  calorim¬ 
eter  did  not  Indode  the  firrindl  and  file  direct  radiation  was  large,  the  contributions  from 
scattering  would  tend  to  increase  the  fractions.  Considerable  scattering  in  dust-laden  air 
at  the  quite  low  aircraft  altitudes  ityparently  was  received  by  the  calorimeter,  hi  this 
instance  file  value  of  Eg/Ed*  «  0.16  ±  0.05.  For  this  analytf  s  a  fixed  value  of  0.16  was 
assumed.  The  cos  i  term  was  dropped,  since  the  normal  oonqxMient  (rf  direct  radiafitm 
received  by  the  indireot  calorimeter  was  considered  nU. 
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Fifur*  4.1  Alrplan*  Position  nad  Thnorntloal  Ratios  of 
Oround-Rsflsotsd  to  Dirsot  Radiation,  Shot  4,  AD-C. 
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Figure  4.3  Aiiplan*  PositlOB  and  IlMoretloal  lUtloa  of 
Orouiid«lUflootod  to  Oireot  Radlatioa,  Shot  6,  AO>5. 
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Figure  4.4  Alt]>Uuie  Poeltton  and  Theoretioal  Ratio*  of 
Qrouad-Refleoted  to  Direct  Radiation,  Shot  6,  AD-6. 
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Flgor*  4.5  AixplaM  Poaition  and  Thaoratioal  Batioa  of 
Orownd-Haflactad  to  Oiraot  Radiatloa,  Shot  8.  AO-5. 
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Figure  4.6  AirpUuM  Positioo  and  llMoratioal  Ratios  of 
QroundhRsflsotsd  to  Dirsot  Radiation,  Shot  8,  AD-4B. 
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Flfor*  4.7  AliidaM  Poiltl<m  and  IlMoratioal  Batioa  of 
Oround-Raflaotad  to  Uraot  Radiation,  Slot  8,  AD-8. 
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Figura  4.6  Alxplua  Poaitlon  and  Tbeoretloal  Ratios  of 
Qround>R«fieot«d  to  Dinot  Radiation,  Slot  12,  Al>4. 
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Flgura  4.9  Alrplan*  Position  and  llioorntloal  Ratios  of 
Oround-Rsflsotsd  to  Dirsot  Radiation,  Shot  12,  Al^S. 
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Flfur*  4.10  Aliplaa*  Potltioo  and  Theoratloal  BiUlos  of 
Oroand-Itaflaotad  to  Olraot  Radiation,  Shot  12,  AD-4B. 
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Figure  4.11  Airplane  Poeition  and  llMoretioal  Batioa  of 
Oround-Refleotad  to  Dlreot  Radlatimi.  Shot  18,  AD-4B. 
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Flgur*  4.12  AirpUuw  Positton  and  IlMoratioal  Ratloa  of 
Qroand-Beflactad  to  Diraot  Radiation,  Oiot  13,  AJ>*S. 
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4.1.8  Correlation  of  Data.  With  the  method  outlined  in  4.1.2  for  direct  radiation, 
the  values  of  E^*  corrected  for  attenuation  were  determined  and  compared  with  the  value 
of  Wq|/4vR*  in  Figure  4.13.  In  view  of  the  good  overall  agreement  and  the  small  effect 
of  scattered  radiaiion,  it  is  reasonable  to  conclude  that  the  analytical  i^iproach  to  deter¬ 
mine  the  contribution  of  reflected  radiation  yields  values  accurate  to  about  ^10  percent. 

By  the  method  outlined  in  4.1.2  for  indirect  radiation,  the  calculated  indirect  energy, 

Ejiid,  expected  at  receivers  was  determined  and  compared  with  the  measured  indirect 
energy,  Ej.jq,  values  in  Figure  4.14.  A  summary  of  data  used  to  derive  Figures  4.13 
and  4.14  is  presented  in  the  Appendix.  If  the  above  conclusion  is  correct  concerning  re¬ 
flected  radiation,  then  it  follows  that  in  the  case  where  the  reflected  contribution  is  small, 
a  good  approximation  for  the  scattered  radiation  is  obtained.  It  should  be  noted  that  in 
Reference  9  a  similar  analysis  of  thermal  data  obtained  during  Operation  CASTLE  has 
given  good  correlation  between  predicted  and  measured  values. 

4.2  RECORDED  THERMAL  DATA 

Figure  4.15  presmits  a  oomparlson  of  recorded  data  with  data  of  Reference  2.  Ex¬ 
cept  for  Slot  12,  Item  Numbers  8  and  9,  Table  8.1,  where  fireball  distortion  may  have 
appeared,  data  agreement  is  fairly  good.  Some  error  in  slant  range  distance  may  be 
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present.  MSQ  controlled  and  formation  aircraft  are  estimated  to  be  within  ±  800  feet 
and  ±  800  feet  boriaontal  distance  from  fireball,  respectively.  Figures  4.18  to  4.20  pre¬ 
sent  normalised  irradianoe  curves  for  all  test  conditions  based  cm  recorded  radiometer 
time  histories.  Purely  for  information  purposes,  these  curves  from  each  Aot  are  com¬ 
pared  with  a  normalized  field  pulse  of  Reference  1. 

4.8  SPECTRAL  ENERGY  DlSTRlBirnON 

Spectral  energy  measurements  for  the  twelve  test  positions  reported  herein  showed 
conslderahle  random  scatter  in  refleoted-energy  data.  This  is  i^parent  in  Table  4.1, 
edtere  measured  grmmd-reflected  and  direct  OMrgies  under  foil  qpeotrum  clear  Cogntng 
quarts  filters  are  assumed  as  100  percent.  Relative  to  the  100  percent  transmissivity 
for  clear  quarts,  foe  ground-reflected  energies  for  foe  same  inteudties  under  broad 
band  3-69  and  2-68  Coming  filters  were  100  to  70  percent  and  90  to  38  percent,  reqpeo- 
tivaly.  ftmllarly,  direct  WMrgies  were  84  to  64  peromt  and  63  to  47  percent,  reqpec- 
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Figure  4.1S  Measured  versus  Caloulated  Direct  Energy  Data. 

tively.  The  indicated  large  random  scatter  in  reilected-energy  values  prevent  the  estab¬ 
lishment  of  a  ground-reflected  to  direct  energy  spectral  distribution  ratio.  Previously 
discussed  phenomena  related  to  atmospheric  scattering  and  the  effects  of  90-degree- 
fleld-of-vlew  calorimeter  recordings  of  ground-reflected  energies  from  finite  areas  at 
various  test  stations  may  suggest  a  contributing  factor  to  this  random  scatter. 


4.4  TEMPERATURE  DATA 

Figures  4.21  and  4.22  present  plots  of  peak  bare,  white,  and  Uue  skin  sa^^de  tem¬ 
peratures  from  TaUe  2.1.  Approximately  the  same  linear  variation  for  shielded  and  un¬ 
shielded  temperature  data  in  Figure  4.21  and  4.22,  reflectively,  exist  udien  plotted  ver¬ 
sus  radiant  energies.  Surface  finishes  were  undamaged  up  to  tengieratures 

recorded.  Checking  these  data  against  Figure  4.22  shows  approximate  absorbitivity  co¬ 
efficients  for  bare,  white,  and  blue  painted  aluminum  skin  suigdeB  as  0.19,  0.14,  and 
0.45,  reflectively.  This  correspm^  to  0.40,  0.20,  and  0.60  in  Refermioe  6.  hi  a  check 
on  tenqierature  rise  times  slant  range  versus  total  yield  (Figures  4.24  and  4.25),  a  linear 
relationship  also  exists  for  bare,  udiite,  and  blue  painted  aluminum  skin  saoqiles,  i^elded 
and  unshielded.  As  in  Figure  4.15,  and  perhfis  due  to  fireball  distortion.  Shot  12  points 
do  not  coincide  wifii  faired  curves. 
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Figure  4.16  Normalized  Irradlanoe  and  Oeneralized  Field  Pulse  versos  Time, 


Flgare  4.18  Normalised  Irradisnoe  and  Oeaerallsad  Field  Pnlae  rersna  Time, 


XOUJ  I/I 
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Figure  4.20  Normalised  Irradianoe  and  Oeneralized  Field  Pulse  versus  Time.  Shot  13. 


4B 

SiCRIT 


46 

SECRIT 


20  40  60  80  KJO  120  140  ITO 

Temperature  Rise  in  Aluminum  Skin  Samples  ,®F 

Figim  4.22  Energjr  wrm  SUb  Temperature  Curves-  Note:  Direct  sod  ground-reflected 
merggr  tliraagb  no  filters. 
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Figure  4.24  Temperature  Riee  times  fflant  Bange  versus  Total  Yield  Curves.  Note:  Direct 
oiergsr  quartz  filter. 
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Figim  4.25  TeiiiiMratlire  Btae  time*  Sant  Bange  versus  Total  Yield  Curves.  Note:  Direct 
eaeiur,  Bofflter. 


Chopter  5 

CONCLUSIONS  AND  RECOMMENDATIONS 


5.1  CONCLUSIONS 

5.1.1  Experimental  Check  on  Analytical  Data-  The  theoretical  values  for  the  re¬ 
flected  radiation  are,  within  10  percent,  comparable  to  the  eiqperimental  values. 

The  contribution  of  atmospheric  scattered  radiation  cannot  be  neglected  and,  in  the 
case  where  fine  particulate  matter  (like  dust)  exists  in  the  vicinity  of  the  explosion,  the 
contribution  of  the  scattered  radiation  increases. 

5.1.2  Spectral  Energy  Distribution.  Random  scatter  in  gi  ound-reflected  energy 
measurements  under  broad-band  filters  (perhi^is  due  to  variation  in  the  finite  areas  sub¬ 
tended  by  90-degree-fleld-of-view  indirect  calorimeters  at  various  test  stations  and  re¬ 
lated  atmospheric  scattering)  prevents  the  establishment  of  a  ground-reflected  to  direct 
energy  spectral  distribution  ratio. 

5.1.3  Ten^rature  Data.  Absorptivity  coefficients  from  recorded  data  and  data  of 
Reference  6  show  fair  agreement  for  bare,  white,  and  blue  painted  aluminum  skin  samples. 
Skin  samples,  exposed  to  and  shielded  against  the  airstreams  show  insignificant  reduction 
in  skin  tenqieratures  due  to  aero(ljmamlc  cooling.  A  maximum  temperature  rise  of  175 
degrees  Fahrenheit  was  recorded  at  i4>proxlmately  175  knots  IAS.  No  ai^rent  surfkce 
coating  damages  were  observed. 

5.1.4  Operational  Success.  All  recording  equipment  performed  in  a  satisfactory 
manner.  Operational  procedures  and  utilization  of  a  thermal  hood  for  pilot's  protection 
against  thermal  radiation  proved  very  satisfkctory. 


5.2  RECOMMENDATIONS 

5.2.1  Thermal  Data.  It  is  recommended  that  analytical  data  for  predicting  grouiul- 
reflected  thermal  energy  contributions  to  direct  radiation  be  o(«sidered  valid  as  a  basis 
for  use  in  the  establishment  of  thermal  effects  envelopes  for  nuclear  we^rans.  This  re¬ 
commendation  is  based  on  the  assunq>tion  that  proper  allowance  is  made  for  ground- 
reflected  and  direct  atmoqjheric  attenuated  and  scattered  energies. 

It  is  further  recommeiuled  that  an  experimental  check  of  analjrtical  data  be  made  for 
wemrans  exceeding  4S-kiloton  total  yield  to  fiirther  evaluate  ground  and  atmoqphsrlo  re¬ 
flection,  attmuation,  and  scattering  eflects.  Utilization  of  180-degree  -fleld-of-vlew 
calorimeters  and  radiometers  should  be  considered  in  this  connection. 

5.2.2  Tenqwrature  Data.  It  is  recommended  that  a  laboratoiy  stu4y  be  made  of 
the  effects  of  surfoce  coating  damage  on  the  temperature  rise  and  decay  in  aircraft  skin 
sanqples  utilizing  field  pulse  inputs  presented  in  this  report  in  lieu  of  current  rectangu¬ 
lar  pulse  Inputs. 
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Appendix 


TABLE  A.1  lUMMABY  OF  OUUECT  ENBBOY  DATA  COMPUTATmiS 
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TABLE  A  S  lUmiABT  OF  OBOIIMD-BEFLECTBB  BNEBOT  DATA  OCMBUTATIOW 
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8.  Inatrumentatimi  for  Ibermal  Radiation  Survey;  Naval  Air  Materiel  Canter, 
nilladel|dila,  Pennsylvania,  Report  Number  NAMC  ASL 1006,  to  be  iaaued;  CONFIDEN¬ 
TIAL. 

9.  Zlrkind,  R.;  Analysia  of  Thermal  Radis  ion  Emitted  by  •  Nuclear  Detonation; 
NAVAER  Report  Number  DR-1740,  to  be  publiabed;  SECRET-RESTRICTED  DATA. 
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ABMT  ACTIVITIBS 


1  Aaat.  Itofi.  Chief  of  Staff  for  Military  Oparatlone,  D/A, 

WaehliU!ton  2^,  D.C.  Am:  Aeet.  asaeutlve  (R^) 

2  Chief  of  Research  and  Developiaent,  d/A,  Vaahlngton  2^, 

D.C.  ATTN:  At^Ue  Dlvlelon 

3  Chief  of  Ordnance,  D/A,  Uaehlngton  2^,  D.C.  ATTN: 

OROIX*AF 

^  Chief  Sl^iel  Officer,  D/A,  ?Ui  Dlvleion,  Washington 
25,  D.C.  ATTN:  SIGRD-8 

^  The  Surgeon  General,  D/A,  VaehingtOT  25,  D.C.  ATTN: 

Chief,  RAD  Dlvlelon 

7  Chief  Chemical  Officer,  D/A,  Weehlngton  25,  D.C. 

3  The  Quarteroaeter  General,  D/A,  Vaahlngton  25,  D.C. 

ATTN:  Research  and  Development  Dlv. 

9*  12  Chief  of  fiiglneere,  D/A,  Washington  25,  D.C.  ATTN: 

CRQNB 

13  Chief  of  Transportation,  Military  Planning  and  Intel¬ 
ligence  Dlv.,  Washington  25,  D.C. 
lU-  16  Cosaandlng  General,  Ed<],s.,  U.S.  Continental  Amy 
Coaaand,  Ft.  Monroe,  7a. 

17  President,  Board  #1,  Beadquarters,  Continental  Any 
Coaaand,  Ft.  SlU,  Okie. 

Id  President,  Board  #2,  Headquarters,  Coritinental  Any 
Cosnand,  Ft.  EnodK,  Ky* 

19  President,  Board  #3,  Headquarters,  Continental  Any 

Coonand,  Ft.  Banning,  Ga« 

20  President,  Board  #A,  Headquarters,  Continental  Any 

CooBind,  Ft.  Bliss,  Tex. 

Coomaadlng  General,  U.S.  Any  Caribbean,  ft.  Aamdor, 

C.Z.  ATTN:  Cal.  Off. 

22-  23  ComMBder-ln-Chlef,  Far  Bast  CocBsmnd,  APO  500,  San 
Premelece,  CaUf.  ATTN:  ACofS,  J-3 
24.  25  CooaBdlag  Gemeral,  U.S.  Any  Europe,  AFO  403,  Nev 
Tork,  N.T.  ATTN:  OP07  Dlv.,  Combat  Dev.  Br. 

26-  27  CosBaiidlnf  Goieral,  U.S.  Arsy  Pacific,  APO  953,  San 
franeleeo,  Callf.  ATTN:  Cnl.  Off. 

26  -  29  Comndant ,  CoMand  and  General  Staff  College ,  ft . 
Leavenvorth,  Xan.  ATTN:  ALLLS(AS) 

30  Cnrenendent,  The  Artillery  and  Guldad  Missile  School, 

Ft.  SlU,  Okla. 

31  Secretary,  The  Antiaircraft  Artlllary  and  Guided  Mleelle 

School,  ft.  Bllee,  Texae.  ATTN:  Itoj.  uregg  D.  Breltega&j 
Dept,  of  Thctlce  and  Combined  Arae 

32  Coonandlng  General,  Any  Medical  Service  School, 

Brooke  Armr  Medical  Center,  ft.  Sam  Houeton,  Tex. 
XUreetor,  Special  Veapone  Development  Office, 
Headquartere,  COKARC,  ft.  Bliee,  Tex.  ATTN: 

Capt.  T.  I.  Skinner 

3^  Conondant,  Walter  Reed  Amy  Inetltute  of  Beeearcb, 

Valter  Reed  Arxy  Medical  Center,  Vaehlngtcn  25,  D.C. 

35  Superintendent,  U.S.  Mllitery  Acade^r,  Weet  Point,  N.Y. 
ATTN:  Prof,  of  Ordnance 

33  CoBBindant,  Chemical  Corpe  School,  Chemical  Corpe 

Training  Coamnd,  ft.  MeClellaa,  Ala. 

37-  36  Coonandlng  General,  Research  and  fttglneerlag  Coaasand, 

Ar^r  Chemical  Center,  HA.  ATTN:  Deputy  for  RV  end 
RaB«ToKlc  Nxterlel 

39-  40  coonondlng  General,  Aberdean  Proving  Grounds,  M. 

Am:  for  Olractor,  Ballletlce  Research  laboratory 

41  coonaandlng  General,  The  Ehgineer  Center,  ft.  Belvoir, 

Va.  ATTN:  Aeet.  Cowidant,  fiiglneer  School 

42  Comandlng  Officer,  Ehgineer  Reeeereh  and  Development 

Laboratory,  Ft.  Belvoir,  Ve.  ATJN:  Chief,  Technical 
Intelligence  Branch 

43  Commanding  Officer,  Plcatlnny  Arsenal,  Dover,  N.J. 

ATTN:  ORIBB-TN 


44  Cosaoandlng  Officer,  I'rankford  Arsenal,  Fhlladalphia 

37,  Pa.  ATTN:  Col.  Ibves  Kundel 

45  Conoandlng  Officer,  Any  Medical  Research  laboratory, 

Ft.  Knox,  Zy. 

46-  47  Coataandlng  Officer,  Chemical  Corpe  Chemical  and  Radio* 
logical  laboratory,  Any  Chemical  Center,  Md.  ATTN: 
Tech.  Llbraxy 

46  Commanding  Officer,  Transportation  RAD  Station,  Ft. 

Eustls,  Va. 

^9  Director,  Technical  Documents  Center,  Evans  Signal 
laboratory,  Belnar,  N.J. 

5C  Director,  Vateivays  Experiment  Station,  FO  Box  63I, 
Vicksburg,  Miss.  ATTN:  Library 
51  Director,  Aned  foreee  Institute  of  Pathology,  Valter 
Reed  Army  Medical  Canter,  6825  l6th  Street,  N.V., 
Washington  25,  D.C. 

5^  Director,  Operatlone  Research  Offlea,  Jdhna  Hepklne 
Univareity,  7100  Connecticut  Ave.,  Chevy  Chase,  HA. 
Washington  15,  D.C. 

53-  55  Cosaandlng  General,  Quartarmaeter  Reeaareh  and  Develop¬ 
ment  Coonand,  Quarteraaetar  Research  and  Development 
Center,  Natick,  Maes.  ATTN:  CESt  Liaison  Officer 


NAVY  ACrnriTIES 

56-  57  Chief  of  Naval  Operations,  D/N,  Vaahlngton  25,  D.C. 
ATTN:  OP-36 

53  Chief  of  Naval  Operations,  D/N,  UMblngten  25i  D.C. 
ATTN:  0P'03XG 

59  Director  of  Naval  IntelUganoe,  b/n,  Vaihlagtoo  25, 

D.C.  ATTN:  0P-9e27 

60  Chief,  Bureau  of  Hedlelae  and  Surgery,  b/K,  Washington 

25>  D.C.  Am:  Special  Weapons  SafeDse  Dlv. 

61  Chief,  Bureau  of  Ordnance,  D/N,  Waehlngton  25,  D.C. 

62-  63  Chief,  Bureau  of  Ships,  b/g,  Uashlngton  25,  D.C*  ATTN: 

Code  348 

64  Chief,  Bureau  ef  Yards  and  Books,  O/N,  Washington  25, 

D.C.  Am:  D-440 

65  Chief,  Bureau  of  Supplies  and  Accounts,  b/9,  Washing¬ 

ton  25i  D.C. 

66-  67  Chlaf,  Buraau  of  Aareoautlee,  b/t,  Washington  25,  D.C. 

66  Chlaf  ef  Naval  Rssaarch,  SapartMt  of  tha  Navy 

Washington  25,  D.C.  ATTN:  Coda  811 

69  CeoMndar-lB-Cblaf,  U.S.  Psclfle  float,  float  foot 

Offleo,  San  Fianeisco,  Calif. 

70  Cc«andar>la*Chlaf,  U.S.  Atlantle  float,  U.S.  Naval 

Basa,  Nerfelk  11,  Va. 

71-  74  Cnm flint,  U.S.  Narina  Corps,  Vashli«too  25,  D.C. 
Am:  Coda  A03H 

75  Prasldsnt,  U.S.  NOval  War  CoUags,  Navport,  R.i. 

76  Suparlntondwit ,  U.S.  Naval  Postgraduata  School, 

Montoray,  Calif. 

77  Cr— aniltnc  Offlear,  U.S.  Naval  Schools  CoHOod,  U.S. 

Naval  Station,  TTaasura  laload,  Sm  franeisoe, 

Callf. 

78  Cn— niling  Offlear,  U.S.  float  Training  Cantor,  NOval 

Basa,  Norfolk  11,  va.  Am:  facial  Vaapona  Sehcwl 
79-  80  pfwandfng  Offlear,  U.S.  Float  Training  Cantor,  Naval 
Station,  San  Dlage  36,  Callf.  ATTN:  (SiVP  School) 

81  Cosaandlng  Offlear,  Air  Davelopaaat  Squadron  5,  VZ>5, 

U.S.  Nai^  Air  Station,  Noffatt  field,  Callf. 

82  Cosaandlng  Officer,  U.S.  Naval  Da&oge  Control  Training 

Center,  Naval  Base,  Ihlladelphls  12,  Fa.  Am:  ABC 
Defense  Course 

33  CooMnder,  U.S.  Naval  Ordnance  laborateiy.  Silver 

Spring  19,  Hd.  Am:  B 

34  Ceaander,  U.S.  Naval  Ordnance  Tsst  Steticn,  Znyokem, 

China  lake,  Callf. 
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6^  ComuAnding  Officer,  U.S.  Navel  Medical  Reaearch  Inst., 
National  Naval  Medical  Center,  Bethesda  14,  Md. 

36  Director,  U.S.  Naval  Research  laboratoxy,  Washington 
2^,  D.C.  ATTN:  Mrs.  Katherine  H.  Case 
67  Director,  Hie  Material  leboratory,  Nev  York  Naval  Ship¬ 
yard,  Brooklyn,  N«  Y. 

86  Connandlng  Officer  and  Director,  U.S.  Navy  Electronics 
leboratoxy,  San  Diego  Calif. 

39*  92  CooBianding  Officer,  U.S.  Naval  Radiological  Defense 

Laboratoiy,  San  Francisco  24,  Calif.  ATTV:  Technical 
Inforaatlon  Dlvlslcn 

93  CooBinder,  U.S.  Naval  Air  Developasnt  Center,  Johns- 

vlUe,  Pa. 

94  CosManding  Officer,  Clothing  Supply  Office,  Code  lD-0, 

3rd  Avenue  and  29th  St.,  Brooklyn  32,  N.Y. 

9^  CINCPAC,  fleet  Post  Office,  San  Franeisco,  Calif. 


AIR  FORCE  ACTIVniES 


96  Asst,  for  Atoole  Energy,  Eeadquarters,  USAF,  Washing¬ 

ton  25,  D.C.  ATTN:  DCS/o 

97  Director  of  Operations,  Headquarters,  USAF,  Vaehlngtcn 

23,  D.C.  ATTV:  Operations  Analysis 
96  Director  of  Plans,  Headquarters,  USAF,  Washington  25, 

D.C.  ATTN:  War  Plans  Dlv. 

99  Director  of  Research  and  Developaant,  DCS/D,  Headquarters, 
USAF,  Washington  25,  D.C.  ATTN:  Coebat  Coaponents 
Dlv. 

100-*101  Director  of  Intelllgeace,  Headquarters,  USAF,  Washing¬ 
ton  25,  D.C.  ATTN:  AF0IN-IB2 

102  Ae  Rurgaen  Oeoeral,  Eeadquarters,  USAF,  Washington  25, 

D.C.  ATTN:  Bio.  Dsf.  Br.,  Pre.  Med.  Dlv. 

103  Asst.  Chief  of  Staff,  InteUlgence,  Headquarters,  U.S, 

Air  fcrces  Europe,  APO  633,  Nev  York,  N.Y.  ATTN: 
Dlraotorate  of  Air  Threats 

104  CoMuider,  497th  Reccnaalssaaee  Technical  Squadron 

(AuM&bed),  APO  633#  Itav  York,  N.Y. 

105  Cn—niir,  Far  East  Air  Forces,  APO  925>  San  Franeisco, 

Calif.  Ann:  Special  Aaet.  for  Daaaga  Control 

106  CoaM»der-ia«Chlef|  Strategic  Air  Cenaand,  Offutt  Air 

Force  Baaa,  onaha,  Nebraska.  ATTN:  Special  Weapons 
Branch,  Inapector  Dir.,  Znepeetor  Qaaeral 

107  Cn— Bdsr,  Tactical  Air  Cn—nd,  Langley  AFB,  Va. 

ATlNi  Doouaante  Security  Branch 
106  CcHMndar,  Air  Dafanae  CcHiad,  At  AFB,  Colo. 

109*110  Beeaareb  Dlractorate,  Haadquartere,  Air  Force  Special 
Waapqtia  Center,  Kl;*tland  Air  Fere#  Baee,  Nev  Naxlee. 
Aims  Blaat  Bffecte  Reaearch 

111  CoHaader,  Air  Raeeareh  and  Developaant  CoaHnd,  PO 

Bob  1399,  Baltlaera,  NA.'  AnNs  R2S3N 

112  COMBder,  Air  Proving  Oraund  CcMand,  Iglln  AFB,  Fla. 

ATHIs  A^./iach.  Report  Breach 
113-114  Director,  Air  Uaiveralty  Library,  Wumell  AFB,  Ala, 
115*122  CoaHDder,  Flying  Training  Air  Force,  Weco,  Tax. 

Aims  Direetor  of  Obeervar  Training 
123  CoHander,  Craw  Training  Air  Force,  Randolph  Field, 

Tbk.  Aimt  2(3T8,  DCS/O 

124-125  Ccanadant,  Air  Force  School  of  Aviation  Madlelaa, 
Tirnilfrirb  AFB,  Bai, 

126*131  COMBder,  WrlAt  Air  Developaant  Canter,  Vrlgbt- 
Fatteracn  AFB,  Dayton,  0.  ATtVi  WCOSI 


132*133  CoBBandar,  Air  Force  Canbrldga  Research  Cantar,  Zi3 
Banseoo  Fiald,  Bedford,  Maas.  ATTN:  CRQST-2 
134-136  CMBoandar,  Air  Forca  Special  Waapons  Cantar,  Klrtland 
AFB,  N.  Max.  ATTN:  Ubrary 

137*133  Coaaander,  Lovty  AFB,  Danvar,  Colo.  ATTN:  Departaant 
of  Special  Waapons  Training 

139  Coosandar,  1009th  Special  Waapons  Squadron,  Haad- 

quartars,  USAF,  Wsshlngton  25,  D.C.  , 

140*141  Tha  RAND  Corporation,  1700  Main  Straet,  Santa  Monica, 

Calif.  ATTN:  Nuclaar  Enargjr  Dlvlalon 

142  Cosaander,  Second  Air  Force,  Barksdale  AFB,  Loulalana. 

ATTN:  Derations  Analysis  Offlcs 

143  Coaaander,  Eighth  Air  Forca,  Waatovar  AFB,  Mata.  ATTN: 

Operatlttis  Analysis  Office 

144  CoBBander,  Fifteenth  Air  Force,  March  AFB,  Calif. 

ATTN:  Operations  Analysis  Office 

145  Ccrmiandar,  Waatam  Developaant  Dlv.  (ARDC),  PO  Bos  262, 

Inglavood,  Calif.  ATTN:  WDBIT,  Mr.  R.  G.  Waltz 

OTHER  DEPIRTMEBT  OF  DEFENSE  ACTIVITIES 

146  Asst.  Secretary  of  Defense,  Reaearch  and  Davel^aant, 

d/d,  Waahington  25,  D.C.  ATTN:  Tech.  Library 

147  U.S.  DocuMnts  Officer,  Office  of  tha  U.S.  National 

Military  Rapreaantatlva,  SHAPE,  APO  5!^,  Rav  York, 

N.Y. 

148  Director,  Weapon#  ^steaa  Evaluetlon  Group,  OSD,  Rb 

2£1006,  Pentagon,  Waahington  25,  D.C. 

149  Azaad  Services  bploslvas  Safety  Board,  D^,  Building 

T*7,  Gravelly  Point,  Waahington  25,  D.C. 

1^  CoaBBndant,  Arsed  Foreaa  Staff  CoUaga,  Norfolk  11, 

Va.  ATTN:  Secretary 

151-156  Cnwaanrtar,  Field  Cwnil,  Arsed  Foreaa  Special 

Waapona  Project,  PO  Bos  5100,  Albuquerque,  N.  Mas. 

157*153  CoHaader,  Field  CoHaad,  Arsed  Foreea  fecial 

Vaapena  Project,  PO  Bos  5100,  Albuquerque,  H.  Nai. 

Ani:  Technical  Training  Group 

159-169  Chief,  Arsed  Forces  Special  Weapons  Project,  Washington 
25,  D.C.  ATTN:  Doeusenta  Ubraiy  Branch 
170  Office  of  the  Tsehnleal  Director,  Dlrectoarate  of  If* 
feets  Teata,  Field  Censaad,  AFSWP,  PO  Bos  577, 

MmOo  Park,  Calif.  ATTN:  Sr.  t.  B.  DeU 

e 


ATOMIC  mor  CCMIXSSZOM  ACTIVXT2B 


171*173  U.S»  Ateale  teeny  CoMleeleB,  Clateifled  TMaloal 

Ubrary,  1901  Censtitutloa  Ave.,  Wigtitngten  95,  0,C« 
ATmi  tee.  J.  N.  O'Leary  (ter  OH) 

174-175  Lee  Aleaee  Seiratlfie  TebweVfflry#  Bepert  Ubrary^  K) 

lea  1^3,  Lee  AlMee,  X.  Nk.  ARI:  teXea  Xeteen 
176-160  angle  CorBoratlea,  ClMelflei  teBuiwit  SlTiem, 

Sandla  Baee,  Albt^uerque,  N.  Max.  ARB;  H.  J. 

S^rtb,  Jr. 

181-163  University  of  California  Badiatlon  Laboratoiy,  PO  Bos 
806,  Llvenwre,  Calif.  ARN:  Clevla  G.  Craig 
134  Weapon  Data  Section,  Tbehnical  Ufomtlcn  Sorvloe  te- 
tension,  Oak  Bldgo»  Then. 

185*210  TachMcal  Znforsstlon  Service  EBtanaien,  Oak  Bldge,  Tone. 
(Surpluc) 


